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I n t r o d u c t i o n  

The concept of d i s p o s i n g  of l i q u i d  i n d u s t r i a l  was tes  by deep-well  i n j e c t i o n  
i s  n o t  a new one. During t h e  p a s t  t e n  y e a r s ,  a v a r i e t y  of i n d u s t r i e s  have re- 
s o r t e d  t o  subsu r face  d i s p o s a l ,  some of t h e  d e t a i l s  of which a r e  g iven  e l sewhere l ,* .  
The list r e v e a l s  w i d e  v a r i a t i o n s  i n  i n j e c t i o n  r a t e ,  pumping p r e s s u r e ,  c o s t ,  and 
w a s t e  d i s p o s i t i o n .  Enactment of more r e s t r i c t i v e  c l ean  water  l e g i s l a t i o n  i n  
Pennsylvania  r e c e n t l y  had a g r e a t  impact on t h e  c o a l  i n d u s t r y .  When a f e a s i b i l i t y  
s tudy  of deep-well d i s p o s a l  w a s  proposed to  t h e  Pennsylvania  Department of Mines 
and Minera l  I n d u s t r i e s ,  t h e  Coal Research Board approved it. 
p o t e n t i a l  of deep-well d i s p o s a l ,  geo log ic  s t u d i e s  were under taken .  

To e v a l u a t e  the 

Contiguous wi th  t h e  bituminous producing  a r e a s  of Western Pennsylvania  a r e  
a g r e a t  number of format ions  con ta in ing  pe t ro leum and n a t u r a l  g a s .  This  w a s  a 
mixed b l e s s i n g :  p rov id ing  impor tan t  i n fo rma t ion  from numerous d r i l l  h o l e s  but  
p r e s e n t i n g  a s e r i o u s  l e g a l  problem of wa te r  d i s p o s a l .  With t h e  a i d  of hundreds 
of d r i l l e r ' s  l ogs ,  fou r  c ros s - sec t ions  were cons t ruc t ed  through southwes tern  Penn- 
s y l v a n i a  t o  determine p o t e n t i a l  w a t e r  d i s p o s a l  s t ra ta .  From t h e  c ros s - sec t ions  
and a l l  o t h e r  a v a i l a b l e  geo log ic  d a t a  i t  appeared  t h a t  t h e  Homewood sands tone  and 
Connoquenissing sands tone ,  r e f e r r e d  t o  c o l l e c t i v e l y  as t h e  " S a l t  Sands'' by most 
d r i l l e r s ,  were very promis ing  d i s p o s a l  fo rma t ions  because: they  under ly  a l l  c o a l  
seams; no commercially p roduc ib le  mine ra l s  a r e  p r e s e n t  i n  t h e  fo rma t ions ;  t he  
format ions  conta ined  b r i n e  under n e a r l y  h y d r o s t a t i c  p r e s s u r e ;  d r i l l e r ' s  l ogs  i n -  
d i c a t e d  h igh  p o r o s i t y  and p e r m e a b i l i t y  and adequate  t h i c k n e s s  over  a l a r g e  a r e a ;  
t h e  S a l t  Sands a-re bordered  by impermeable rocks ;  and t h e  fo rma t ions  w e r e  a t  a 
sha l low depth  of about 1500 f t .  

A f t e r  viewing t h e  f e a s i b i l i t y  r e p o r t 2 ,  t h e  Bethlehem Mines Corpora t ion ,  a 
s u b s i d i a r y  of t h e  Bethlehem S t e e l  Corpora t ion ,  agreed  t o  coope ra t e  i n  deve loping  
a test d i s p o s a l  w e l l  a t  i ts  No. 58 Mine. Subsurface  con tour  maps i n d i c a t e d  that 
t h e  S a l t  Sands were approximate ly  130 f e e t  t h i c k  a t  t h e  proposed w e l l  s i t e  and 
were covered by 1400 f e e t  of overburden. The e x a c t  p o s i t i o n  of t h e  w e l l  was 
chosen between t h e  mine d i scha rge  p o i n t  and a 1,500,000 g a l l o n  emergency s t o r a g e  
pond on t he  s u r f a c e  t h a t  co inc ided  w i t h  t h e  l o c a t i o n  of a r e c t a n g u l a r  p i l l a r  i n  
t h e  mine, Fig.  1. Th i s  s e l e c t i o n  would pe rmi t  an underground i n s t a l l a t i o n  of 
t h e  pumping u n i t  i f  t h e  d i s p o s a l  technique  proved f e a s i b l e .  It a l s o  w a s  a good 
s u r f a c e  choice  a l lowing  adequate  s ludge  pond c o n s t r u c t i o n ,  proximi ty  t o  a c i d  
water d i scha rge  and a supply  of f r e s h  wa te r  f o r  p re l imina ry  t e s t i n g .  Bethlehem 
o f f e r e d  t o  f inance  completely the  development, comple t ion ,  t e s t i n g ,  equipping 
and o p e r a t i o n  of t h e  w e l l .  Ownership and s u p e r v i s i o n  of t h e  w e l l  were t o  remain 
Bethlehem's r e s p o n s i b i l i t y ,  b u t  t h e  in fo rma t ion  ob ta ined  from t h e  w e l l  was t o  be 
r e l e a s e d  t o  t h e  g e n e r a l  p u b l i c  through t h e  Coal Research Board. The Department 
of Mining a t  Penn S t a t e  was t o  a c t  a s  t he  agen t  of  t h e  Coal Research Board f o r  
t h i s  p r o j e c t ,  and a l s o  was t o  a s s i s t  Bethlehem i n  an eng inee r ing  c a p a c i t y  

Exper imenta l  Well Development 

Appropr ia te  s u r f a c e  arrangements were made and c a b l e  t o o l  d r i l l i n g  began. 
A 20-inch b i t  w a s  used t o  p e n e t r a t e  t h e  25 f e e t  of unconsol ida ted  material be- 



tween the s u r f a c e  and bedrock ,  and a 16-inch conductor p i p e  w a s  s e t  t o  p reven t  
s p a l l i n g  of l oose  m a t e r i a l  i n t o  t h e  h o l e ,  F ig .  2 .  p r i l l i n g  cont inued  t o  a 
dep th  of 535 f e e t  w i t h  a 13 3/8-inch b i t ,  p e n e t r a t i n g  t h e  P i t t s b u r g h  c o a l  seam 
between t h e  depths  of 497 and 502 f e e t .  D r i l l  c u t t i n g s  were removed by b a i l i n g  
ou t  t he  h o l e  wi th  a c o n v e n t i o n a l  "da r t "  b a i l e r .  
t h e s e  c u t t i n g s  were d r i e d  and v i s u a l l y  examined t o  de te rmine  t h e  rock types  
p e n e t r a t e d .  In a d d i t i o n ,  t h e  d r i l l  r i g  o p e r a t o r  kept  a " d r i l l e r ' s  log" of t h e  
s u b s u r f a c e  u n i t s  encountered .  Th i s  l a t t e r  r eco rd  was based p r i m a r i l y  on rela- 
t i v e  d r i l l i n g  r a t e s .  Ten-inch H40 s t e e l  c a s i n g  w a s  set from a depth  of 532 
f e e t  t o  t h e  s u r f a c e  and was cemented i n  p l a c e  w i t h  c i r c u l a t e d  cement i n  ac- 
cordance  w i t h  the O i l  and G a s  Laws of t h e  Commonwealth. 

Represen ta t ive  samples of 

Cable t o o l  d r i l l i n g  con t inued  below t h e  535-foot depth  us ing  a ten-inch 
b i t  t o  a dep th  of 1302 f e e t .  C u t t i n g  samples were a l s o  c o l l e c t e d  d u r i n g  t h i s  
phase  o f  d r i l l i n g ,  and t h e  d r i l l e r ' s  l og  s i m i l a r l y  was recorded. Examination 
of t h e s e  two records  i n d i c a t e d  t h a t  cons ide rab le  disagreement e x i s t e d  i n  t h e  
i n d e n t i f i c a t i o n  of t h e  s t r a t i g r a p h i c  sequence encountered .  Both logs showed, 
however, t h a t  t he  s t r a t a  encoun te red  were beds of s ands tone ,  s h a l e ,  l imes tone ,  ! 

c l a y s t o n e  and coa l  of v a r y i n g  t h i c k n e s s  and o r d e r  of d e p o s i t i o n ,  and both  logs  
showed t h e  presence  o f  a t  least 30 f e e t  of s h a l e  cap rock  above t h e  1302-foot 
l e v e l .  A f t e r  Ca l ipe r  and fo rma t ion  d e n s i t y  logs  were performed on t h e  uncased 
p o r t i o n  of t h e  w e l l  between 532 f e e t  and 1302 f e e t ,  a seven-inch 555 s teel  
c a s i n g  was cemented throughout  t h e  e n t i r e  h o l e .  
fo l lowed i n  the i n t e r v a l  from 1302 t o  1588 f e e t  p rovided  2 5/16-inch d iameter  
c o r e s ,  a f t e r  which t h e  co red  zone w a s  en la rged  t o  a d iameter  of 6 1 / 2  i nches  by 
reaming the w e l l  t o  the 1565-foot depth .  Examination of t he  c o r e s  d i s c l o s e d  
t h a t  much less sands tone  e x i s t e d  i n  t h i s  zone than  had been expec ted .  Although 
t h e  l i t h o l o g y  of t h i s  zone w a s  q u i t e  complex, i t  could b e  approximated and is 
p resen ted  i n  Table 1. 

Diamond core  d r i l l i n g  which 

Table  1 

General L i tho logy  of Cored I n t e r v a l  of D i sposa l  Well 

Depth From S u r f a c e  ( F e e t )  Rock Desc r ip t ion  

1302 - 1314 Sha le  
1314 - 1365 F i r s t  S a l t  Sand * 
1365 - 1428 Sha le  and S i l t s t o n e  
1428 - 1518 Second S a l t  Sand ** 
1518 - 1547 Sha le  wi th  Minor Coal 
1547 - 1565 Maxton Sand *** 
1565 - 1588 Sha le  and Clays tone  

* In t e rbedded  s h a l e ,  s i l t s t o n e ,  c l a y s t o n e  and 
minor s a n d s t o n e  (16 f e e t ) .  ** Approximately 64 f e e t  of s ands tone  wi th  minor 
s h a l e  and s i l t s t o n e .  

*** E n t i r e  i n t e r v a l  sands  tone .  

The combined th i ckness  of s a n d s t o n e  i n  t h e  S a l t  Sands w a s  80 f e e t ,  cons iderably  
less than  t h e  130 f e e t  p r e d i c t e d  by the  i sopach  map o f  t h e s e  u n i t s .  The Maxton 
sand f u r n i s h e d  an a d d i t i o n a l  18 f e e t  of s ands tone  t o  make the  t o t a l  of 98 f e e t  of 
uncased sands tone  i n  t h e  w e l l .  S t r a t a  encountered  i n  t h e  proposed d i s p o s a l  zone 
were q u i t e  d i f f e r e n t  than  t h o s e  recorded  f o r  t h r e e  nearby gas w e l l s .  

Dens i ty ,  Guard and Nuclear  Logs were run t o  de termine  p o r o s i t y  and wa te r  
s a t u r a t i o n  of t he  fo rma t ions  p e n e t r a t e d  by t h e  w e l l .  A 3-Dimensional Veloc i ty  
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Log was performed t o  de te rmine  t h e  q u a l i t y  of t h e  bond between t h e  cement and 
t h e  seven-inch cas ing .  The w e l l  was b a i l e d  d r y  f o l l o w i n g  t h e  logging  program. 
Subsequent b a i l i n g s  revea led  t h a t  water from t h e  uncased i n t e r v a l  was e n t e r i n g  
t h e  w e l l  a t  rates between 8 . 5  and 10 g a l l o n s  p e r  hour .  T h i s  was cons idered  an  
e x c e p t i o n a l l y  low i n f l u x  of w a t e r  f o r  t h e  S a l t  Sands. 

S e v e r a l  a s p e c t s  of t h e  w e l l  were n o t  as f a v o r a b l e  as had been expec ted  
p r i o r  t o  w e l l  development. 
ness  of t h e  sandstone u n i t s  i n  t h e  proposed d i s p o s a l  zone and the  low p o r o s i t y  
of t h e s e  u n i t s .  A low i n f l u x  of formation water i n  t h e  w e l l  a l s o  was a p o i n t  
of concern.  A washout o f  c l a y s t o n e  beds i n  t h e  uncased p a r t  of the  w e l l  a lso 
p r e s e n t e d  a p o t e n t i a l  problem i n  t h e  maintenance of t h e  w e l l  under  i n j e c t i o n .  
N e v e r t h e l e s s ,  s i n c e  t h e  w e l l  r e p r e s e n t e d  an  inves tment  of  $40,000 a t  t h i s  s t a g e ,  
a d e c i s i o n  w a s  made t o  proceed w i t h  f r e s h  water i n j e c t i o n  tests on t h e  d i s p o s a l  
w e l l .  

The main p o t e n t i a l  problems were the  r e l a t i v e  t h i n -  

Water I n j e c t i o n  Tests 

T r e a t e d  and f i l t e r e d  munic ipa l  water w a s  i n j e c t e d  through t h e  seven-inch 
c a s i n g  i n t o  t h e  e n t i r e  uncased p o r t i o n  of t h e  w e l l  below the 1302-foot depth .  
No f low occurred  u n t i l  a pumping p r e s s u r e  of  1550 p s i g  was reached ,  a t  which 
p o i n t  water began t o  e n t e r  t h e  w e l l  a t  t h e  approximate ra te  of 84 g a l l o n s  p e r  
minute  (gprn). 
f low r a t e  i n c r e a s i n g  t o  150 gpm w i t h  a pumping p r e s s u r e  i n  t h e  range  of 1700- 
1800 p s i g .  
j e c t i o n  t e s t  t o  determine which zones i n  t h e  w e l l  were t a k i n g  f l u i d .  The l o g  
c h a r t  i n d i c a t e d  t h a t  most of t h e  i n j e c t e d  f l u i d  i n i t i a l l y  w a s  l e a v i n g  t h e  w e l l  
between t h e  depths  of 1472 and 1485 f e e t .  A s  t h e  i n j e c t i o n  r a t e  was i n c r e a s e d ,  
o t h e r  zones i n  the  w e l l  began t o  t a k e  water, s p e c i f i c a l l y  t h e  i n t e r v a l  f rom 1496 
t o  1508 f e e t  and t h e  caved zone between 1340 and 1350 f e e t .  

This  phase of t h e  t es t  was cont inued  a l i t t l e  over 2 h o u r s ;  the 

A r a d i o a c t i v e  tracer l o g  was  run  s imul taneous ly  wi th  t h e  i n i t i a l  in-  

Fresh water i n j e c t i o n  w a s  resumed and cont inued  f o r  an a d d i t i o n a l  p e r i o d  of 
approximately 4 1 / 2  hours .  
f l u c t u a t e d  from 1475 t o  1940 p s i g .  A t o t a l  of  48;654 g a l l o n s  of f r e s h  water was. 
i n j e c t e d  d u r i n g  t h i s  n e a r l y  7-hour p e r i o d  w i t h  no apparent  change i n  t h e  hydrolog- 
ical p r o p e r t i e s  of t h e  d i s p o s a l  zone. There was concern f o r  t h e  magnitude of 
t h e  pumping p r e s s u r e s .  
d u r i n g  t h e  i n j e c t i o n  tes t  v a r i e d  from 1650 t o  1940 p s i g  as opposed t o  a ca lcu-  
l a t e d  t h e o r e t i c a l  w e l l  head pumping p r e s s u r e  of  approximate ly  600 p s i g .  
s u l t  of t h e  h igh  i n j e c t i o n  p r e s s u r e  encountered  d u r i n g  t h i s  f i r s t  test ,  a d e c i s i o n  
was made t o  h y d r a u l i c a l l y  f r a c t u r e  t h e  uncased p a r t  of t h e  w e l l .  
m a t e r i a l  w a s  i n j e c t e d  d u r i n g  t h e  f r a c t u r e  t r e a t m e n t  t o  i n d i c a t e  the l o c a t i o n  of 
t h e  f r a c t u r e .  Approximately 30,000 g a l l o n s  of f r e s h  water and 34,000 pounds of 
20-40 mesh sand were used i n  t h e  treatment. Radioac t ive  beads  were added t o  t h e  
i n j e c t e d  sand d u r i n g  t h e  t a i l i n g - i n  p e r i o d  of t h e  o p e r a t i o n .  Although the high- 
es t  p r e s s u r e  recorded d u r i n g  t h e  f r a c t u r e  t r e a t m e n t  w a s  2200 p s i g ,  f low rates  
d u r i n g  t h e  t rea tment  were a s  h igh  as 1500 gpm i n  t h e  p r e s s u r e  range  of 1500-1600 
p s i g .  
were used. 

Flow rates v a r i e d  from 9 3  t o  218 gpm and t h e  p r e s s u r e  

A t  d i s p o s a l  c a p a c i t y  of  150 gpm, t h e  p r e s s u r e s  recorded  

As a re- 

Radioac t ive  

T h i s  l a r g e  flow w a s  l a r g e l y  due t o  t h e  f a c t  t h a t  f o u r  l a r g e  pumping t r u c k s  

The w e l l  was al lowed t o  back f low f o l l o w i n g  t h e  f r a c t u r e  t r e a t m e n t  t o  re- 
lease t h e  p r e s s u r e  build-up i n  t h e  d i s p o s a l  zone. A r a d i o a c t i v e  tracer l o g  was 
run on t h e  w e l l  t o  a t t e m p t  t o  l o c a t e  t h e  f r a c t u r e  and t o  de te rmine  i t s  o r i e n t a -  
t i o n .  The l o g  c h a r t  i n d i c a t e d  a h igh  r a d i o a c t i v i t y  l e v e l  a t  a d e p t h  of 1508 f e e t  
which was i n t e r p r e t e d  t o  r e s u l t  from r a d i o a c t i v e  beads mixed with sand  h o l d i n g  a n  
induced f r a c t u r e  open. This f r a c t u r e  was thought  t o  be  o r i e n t e d  h o r i z o n t a l l y , ,  as 



t h e  r a d i o a c t i v e  peak was c o n f i n e d  t o  a s m a l l  v e r t i c a l  i n t e r v a l .  According t o  
t h i s  i n t e r p r e t a t i o n ,  t h e  w e l l  had been f r a c t u r e d  a t . o n e  of t h e  most porous and 
permeable zones. A second f r e s h  water i n j e c t i o n  test w a s  run t o  determine i f  
t h e  f r a c t u r e  had improved the f low c h a r a c t e r i s t i c s  of t h e  w e l l .  The test began 
a t  an  i n j e c t i o n  ra te  of 147 gpm a t  a w e l l  head p r e s s u r e  of 600-800 p s i g .  
f low r a t e  w a s  main ta ined  a t  150 2 10 gpm f o r  the d u r a t i o n  of t h e  tes t .  The in -  
j e c t i o n  p r e s s u r e  g r a d u a l l y  rose t o  1800 p s i g  d u r i n g  t h e  f i r s t  1 1 / 2  hours  and 
l e v e l e d  o f f  a t  t h i s  v a l u e .  T h e t e s t  was s topped  one-half hour  l a te r  a f t e r  
15,942 g a l l o n s  of  water had been pumped into the w e l l  because  i t  was assumed 
t h a t  t h e  h i g h  pumping p r e s s u r e  may have been caused by f i n e  p a r t i c l e s  i n  t h e  
w e l l  p lugging  t h e  p o r e s  of t h e  sands tone  beds .  Thus t h e  w e l l  was al lowed t o  
back f low i n  t h e  hope t h a t  the f low o f  water o u t  of t h e  d i s p o s a l  zone would re- 
move any loose p a r t i c l e s  i n  c o n t a c t  w i t h  t h e s e  format ions .  Flow of water  from 
t h e  w e l l  cont inued f o r  about  f o u r  hours  when t h e  w e l l  w a s  s h u t  i n .  

A 

Attempts  t o  b a i l  down t h e  w e l l  t h r e e  days l a te r  r e v e a l e d  t h a t  f r e q u e n t  
b r i d g i n g ,  o r  p lugging ,  of the h o l e  was o c c u r r i n g  below t h e  1350-foot l e v e l .  This  
b r i d g i n g  could  b e  knocked free by running  t h e  d r i l l  b i t  down the  w e l l .  Pebble  t o  
cobble  s i z e d  p i e c e s  of  c l a y s t o n e ,  s i m i l a r  i n  c o l o r  t o  s i l t  observed i n  t h e  back 
f low a f t e r  t h e  second i n j e c t i o n  t es t ,  were removed from t h e  b a i l e r .  This  rock 
was i d e n t i f i e d  as c l a y s t o n e  from t h e  s p a l l e d  zone between t h e  depths  of 1340 and 
1351 f e e t .  This development i m p l i c a t e d  two t h r e a t s  t o  t h e  f u t u r e  of t h e  w e l l .  
One, f i n e  c l a y  p a r t i c l e s  f rom t h e s e  zones could permanently p l u g  t h e  pores  of the 
sand  f a c e .  The second p o s s i b i l i t y  was that a c o n t i n u a t i o n  of s p a l l i n g  of t h i s  
c l a y  zone c o u l d  i n i t i a t e  l a r g e  scale caving ,  r e s u l t i n g  i n  t h e  loss  of the  w e l l .  
T h e r e f o r e ,  a b r i d g e  p l u g  was set a t  a depth of  1370 f e e t ,  about  20 f e e t  below the 
caved area,  and cement was  i n t r o d u c e d  i n t o  the w e l l  from the  b r i d g e  p lug  upward 
t o  a depth  of 1205 f e e t .  A f t e r  t h e  cement had s e t  f o r  f o u r  d a y s ,  i t  w a s  d r i l l e d  
o u t  w i t h  a 6 1/2-inch b i t ,  h o p e f u l l y  l e a v i n g  an  i r r e g u l a r  "doughnut-shaped'' p lug  
of cement i n  each of t h e  caved areas. The b r i d g e  p lug  a l s o  was d r i l l e d  o u t  a t  
t h i s  t i m e .  A c a l i p e r  l o g  w a s  run  on t h e  uncased p o r t i o n  of t h e  w e l l  t o  determine 
t h e  e f f e c t i v e n e s s  of  t h e  cementing o p e r a t i o n .  A comparison of  t h i s  l o g  w i t h  t h e  
p r e v i o u s  c a l i p e r  l o g  i n d i c a t e d  tha t  the cement had b locked  o f f  a t  least p a r t  of  
t h e  lower c l a y  seam, b u t  gave  i n c o n c l u s i v e  ev idence  r e g a r d i n g  t h e  upper  seam. 

A t h i r d  i n j e c t i o n  test w a s  then  performed t o  determine i f  t h e  p a r t i a l  s e a l i n g  
of t h e  caved area would r e s u l t  i n  lower pumping p r e s s u r e s .  Approximately 46,000 
g a l l o n s  of  f r e s h  water were pumped i n t o  t h e  d i s p o s a l  zone a t  i n j e c t i o n  r a t e s  from 
105 t o  250 gpm. Very l i t t l e  p r e s s u r e  change w a s  recorded  f o r  t h e  v a r i o u s  f low 
rates used ,  the p r e s s u r e  remaining i n  t h e  range of  1800 t o  2000 p s i  through t h e  
f ive-hour  tes t .  T h e r e f o r e ,  a d e c i s i o n  was made t o  h y d r a u l i c a l l y  f r a c t u r e  an i s o -  
l a t e d  zone i n  the  w e l l .  Examinat ion of t h e  c o r e  r e c o r d s  showed t h a t  the  i n t e r v a l  
from 1480 t o  1520 f e e t  had t h e  h i g h e s t  p o r o s i t y  and p e r m e a b i l i t y  and should  b e  
most r e c e p t i v e  t o  a f r a c t u r e  t r e a t m e n t .  T h e r e f o r e ,  i t  was decided t o  i s o l a t e  
t h i s  zone, notch and f r a c t u r e  i t ,  and conduct a n o t h e r  i n j e c t i o n  tes t .  The zone 
was i s o l a t e d  from t h e  lower p a r t  of  t h e  w e l l  by f i l l i n g  the  w e l l  w i t h  a cement 
mixture  of C a l s e a l  and Hydromite below t h e  1520-foot l e v e l .  A r e t r i e v a b l e  packer  
was s e t  a t  a depth o f  1482 f e e t  on 3 1/2-inch c a s i n g  t h a t  r a n  from t h e  packer  t o  
t h e  s u r f a c e .  The s e t t i n g  o f  t h i s  packer  completed t h e  i s o l a t i o n  of t h e  zone t o  
be f r a c t u r e d .  Notching p i p e  was run i n t o  t h e  zone through t h e  3 1/2-inch c a s i n g  
and t h e  zone was h y d r a u l i c a l l y  notched  a t  1491,  1492 and 1493 f e e t .  The notches  
were c u t  i n  an a t tempt  t o  c r e a t e  a locus  f o r  f r a c t u r e  i n i t i a t i o n .  

The f r ac tu re  t r e a t m e n t  was des igned  t o  r u p t u r e  t h e  sands tone  and then  p l a c e  
40,000 pounds of s a n d ,  suspended i n  30,000 g a l l o n s  of w a t e r ,  i n  the  f r a c t u r e s  as  
a propping agent .  Formation breakdown p r e s s u r e  f o r  t h i s  t rea tment  w a s  3000 p s i g .  
N a t e r  and sand were pumped i n t o  t h e  w e l l  a t  a f low r a t e  of about  850 gpm a t  2500 
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p s i g  u n t i l  t h e  t r e a t m e n t  was about  75 p e r  c e n t  completed. A t  t h i s  t i m e  water 
w a s  observed f lowing o u t  of t h e  top of t h e  w e l l  from t h e  annulus  between the 
seven-inch c a s i n g  and t h e  t h r e e  and one-half-inch tub ing .  T h i s  f low w a s  con- 
t inuous  and i n c r e a s e d  i n  volume. The f r a c t u r e  t r e a t m e n t  was concluded a f t e r  
34,000 pounds o f  sand and 26,000 g a l l o n s  o f  water had been  pumped i n t o  the 
w e l l  as t h e  b e n e f i t s  t o  b e  d e r i v e d  from f u r t h e r  pumping were dubious.  T h i s  
l e a k  i n d i c a t e d  t h a t  water w a s  e n t e r i n g  t h e  format ion ,  by-passing t h e  packer ,  
r e - e n t e r i n g  t h e  w e l l  b o r e  and f lowing  t o  t h e  s u r f a c e ,  F i g .  2. An induced 
v e r t i c a l  f r a c t u r e ,  which b r i d g e d  t h e  packer ,  would cause  t h i s  t y p e  of  flow 
p a t t e r n .  The p o s s i b i l i t y  of a wash-out around t h e  packer  seemed u n l i k e l y ,  as 
t h e  rock  a t  t h i s  depth appeared competent enough t o  w i t h s t a n d  r a p i d  e r o s i o n .  

A f t e r  t h e  p r e s s u r e  had been b l e d  o f f  t h e  w e l l ,  t h e  packer  w a s  unsea ted  

Fresh  water i n j e c t i o n  w a s  resumed a f t e r  t h e  p a c k e r  had been  reset. 

A f t e r  12,700 g a l l o n s  of water  had been i n j e c t e d ,  water  a g a i n  began t o  

and reset a t  t h e  depth  of  1480 f e e t  i n  an a t t e m p t  t o  i so l a t e  t h e  e n t i r e  f r a c -  
t u r e .  The 
f low rate v a r i e d  from 145 t o  160 gpm and the p r e s s u r e  ranged from 1600 t o  1700 
p s i g .  
f l o w  o u t  o f  t h e  annulus  a t  t h e  top  of  t h e  w e l l .  I n j e c t i o n  w a s  h a l t e d  and t h e  
packer  w a s  r a i s e d  and reset a t  t h e  depth  of 1472 f e e t .  I n j e c t i o n  i n t o  the w e l l  
began a g a i n  a t  t h e  rate of  150 gpm. The pumping p r e s s u r e  ranged from 1600 t o  
1800 ps ig .  A f t e r  t h e  i n j e c t i o n  of 18,400 g a l l o n s  of  water, t h e  l e a k  r e c u r r e d  
and t h e  i n j e c t i o n  test w a s  s topped.  No f u r t h e r  a t tempt  t o  relocate the packer  
a t  a h i g h e r  e l e v a t i o n  w a s  made, a s  the c a l i p e r  l o g  i n d i c a t e d  t h e  upper  w e l l  
b o r e  was u n s u i t a b l e  f o r  t h i s  purpose. 

Geologic  s e c t i o n s  r e v e a l e d  two o t h e r  p o t e n t i a l  d i s p o s a l  zones i n  t h i s  area. 
The f i r s t  w a s  t h e  B u f f a l o  and Mahoning s a n d s t o n e  (Dunkard Sand) format ions  ap- 
proximate ly  600 f e e t  above the S a l t  Sands and the Burgoon Sandstone (Big I n j u n  
Sand) l o c a t e d  a t  approximately 400 f e e t  below. However, e x p e r i m e n t a l  work f o r  
steam i n j e c t i o n  o i l  recovery  w a s  contemplated f o r  t h e  former i n  t h i s  area, and 
t h e  l a t t e r  w a s  a g a s  producer .  T h e r e f o r e ,  permiss ion  could n o t  be o b t a i n e d  f o r  
d i s p o s i n g  i n  t h e s e  format ions  and a l l  work ceased.  

Discuss  i o n  

The d e c i s i o n  t o  h a l t  work on t h e  d i s p o s a l  w e l l  w a s  brought  about  by the  
h i g h  pumping p r e s s u r e  of about  2000 p s i  r e q u i r e d  t o  i n j e c t  150  g a l l o n s  of a c i d  
mine water p e r  minute  i n t o  the w e l l  and t h e  development of  a more economical 
water t rea tment  process  a t  t h i s  mine. The h igh  pumping p r e s s u r e s  i n d i c a t e d  
h i g h e r  o p e r a t i n g  and c a p i t a l  c o s t s  than  o r i g i n a l l y  a n t i c i p a t e d .  A t o t a l  of 
$57,080 had been s p e n t  by Bethlehem Mines Corpora t ion  on t h e  development and 
t e s t i n g  o f  t h i s  d i s p o s a l  w e l l ,  t h i s  sum b e i n g  broken d a m  elsewhere3.  This 
phase of t h e  p r o j e c t  w a s  w e l l  w i t h i n  t h e  expec ted  cost range.  D e s p i t e  thorough 
p lanning ,  c a r e f u l  e x e c u t i o n  and e x h a u s t i v e  remedial  measures ,  the d i s p o s a l  w e l l  
d i d  n o t  approach expec ted  performance. The pumping p r e s s u r e  ranged from 1500 t o  
2000 p s i g  f o r  a flow rate from 84 t o  250 gpm. Furthermore,  d u r i n g  the f l u s h  
s t a g e  o f  t h e  f i r s t  f r a c t u r e  t r e a t m e n t ,  water w a s  i n j e c t e d  i n t o  t h e  w e l l  a t  a rate 
of  1430 gpm w i t h  a p r e s s u r e  of  1600 - 1650 ps ig .  Any b e n e f i t s  g a i n e d  from t h e  
f i r s t  h y d r a u l i c  f r a c t u r e  t r e a t m e n t  were n o t  e v i d e n t .  For  a g i v e n  f low rate,  the 
pumping p r e s s u r e  a f t e r  t h e  f r a c t u r e  t rea tment  should  be  less than  t h e  p r e s s u r e  
p r i o r  t o  t r e a t i n g .  S t r a n g e l y  enough, most of t h e  p o s t - f r a c t u r e  p r e s s u r e s  were 
h i g h e r  than  t h e  p r e - f r a c t u r e  p r e s s u r e s  f o r  comparable f low rates. 

The phenomena d e s c r i b e d  above i n d i c a t e  c l e a r l y  t h a t  t h e  p a r t i c u l a r  r e g i o n  
of  t h e  S a l t  Sands p e n e t r a t e d  by t h i s  vel1 was n o t  a good d i s p o s a l  zone. 
Homewood and Conoquenessing s a n d s t o n e s ,  which comprise t h e  S a l t  Sands,  are mem- 
b e r s  of t h e  P o t t s v i l l e  S e r i e s  of Carboni ferous  rocks .  One o f  t h e  main reasons  
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